⋅xH 2 O (x = 1 or 2), where M is Co(II)/Ni(II), L is deprotonated 8-hydroxyquinoline and L' is a deprotonated poly dentate chiral secondary ligand have been synthesized. The metal complexes have been characterized on the basis of elemental analysis and various physicochemical techniques. The molar conductance values of the complexes in methanol at 10 -3 M concentration were very low (<1), indicating their non-electrolytic nature. The observed µ eff values are suggestive of the tetrahedral/octahedral geometry for the Co(II) complexes and an octahedral geometry for the Ni(II) complex. The magnetic moments of the compounds investigated are in agreement with the conclusions based on spectral findings. Hydrolysis of methyl acetate and ethyl acetate was studied by using the complexes as homogeneous catalysts. The rate constants have been obtained by using different catalysts at various temperatures. The activation energy (E) was calculated from the Arrhenius plots. The changes in the enthalpy of activation (∆H ≠ ), entropy of activation (∆S ≠ ) and free energy of activation (∆G ≠ ) were also calculated. A probable reaction mechanism has also been suggested.
Introduction
The use of CML metal complexes in the kinetic study of catalytic decomposition of H 2 O 2 is studied recently [1] [2] . Some metal ligand complexes are found to catalyze reactions such as oxidation, oxidative cleavage, hydroformylation, etc. and have shown catalyse like activity in decomposition of hydrogen peroxide. It is well established that ternary complexes play a decisive role in the activation of enzymes and also in the storage and transport of active substances 3 . The binary and ternary transition metal complexes have shown biological activity 4 . During recent years metal complexes of some N-/O-donor ligands have attracted considerable attention because of their greater antifungal and antibacterial activities than those of the parent ligands [5] [6] [7] . Ternary complexes containing an amino acid as a secondary ligand are of significance as they are potential models for enzyme-metal ion substrate complexes 8 . The present paper reports the synthesis and characterization of CML Co(II)/Ni(II) complexes prepared by using 8-hydroxyquinoline as primary ligand and some chiral polydentate ligands as secondary ligands. Hydrolysis of methyl acetate and ethyl acetate was studied by using the complexes as homogeneous catalysts. A probable reaction mechanism has also been suggested.
Experimental
Most of the chemicals used were of AR grade. Laboratory grade chemicals, whenever used, were purified by standard methods. Solvents such as ethanol, methanol and chloroform were purified and dried according to standard procedures 9 .
Preparation of mixed ligand complexes
To a blue-colored ethanol (10 cm 3 ) solution of metal(II) chloride hexahydrate (1 mmol), an ethanol (10 cm 3 ) solution of 8-hydroxyquinoline (1 mmol) was added. The mixture was stirred and kept in a boiling water bath for 10 minutes, during which time it turned green. To this solution an aqueous (10 cm 3 ) solution of the secondary ligand (1 mmol) was added. This mixture (1:1:1 molar proportion) was heated in a hot water bath till the temperature reached 50 o C. The mixture was cooled and the solid was filtered, washed with ice-cold water followed by 1:1 ethanol: water. The complexes thus prepared were dried under vacuum.
Instrumentation
The complexes were analysed for the metal contents, C, H and N using standard procedures. The molar conductance values were measured in methanol (10 -3 M) on a model CM-180 Elico digital conductivity meter. Room temperature magnetic susceptibilities were measured by Guoy balance using Hg[Co(SCN) 4 ] as the calibrant. The specific optical rotation values for the complexes were determined in methanol solution (0.01%) on a Jasco DIP-140 polarimeter. Electronic absorption spectra in methanol (10 -4 M) and chloroform (10 -3 M) solution in the ultraviolet and visible range, respectively, were measured on a Shimadzu UV-160A and spectronic-20 spectrophotometer. Reflectance spectra of the solid complexes in the visible region were recorded against BaSO 4 on a Shimadzu UV-2100 spectrophotometer. FT-IR spectra were recorded in KBr discs on a Perkin-Elmer FT-IR spectrophotometer model 160. Thermal studies of the complexes were made on a Mettler TC 10A TA processor by recording the change in weight of the complexes on increasing the temperature up to 700 0 C at a heating rate of 10 0 C/min.
Hydrolysis of esters
To a solution of Co(II)/Ni(II) complex, prepared by dissolving known amount of it in a solvent mixture of 20 cm 3 DMF and 20 cm 3 distilled water (and whose pH was adjusted to 2.5), 5 cm 3 of methyl acetate/ethyl acetate was added and the content stirred uniformly. The extent of the reaction was estimated by withdrawing 5 cm 3 of reaction mixture at regular intervals of time and titrating it against standard NaOH solution using phenolphthalein as an indicator. Reaction was carried out at 30, 40 and 50 0 C in a thermostat with an accuracy of ±0.01 0 C. The quantity of catalysts used was in the range 0.01-0.04 g.
The reaction rates were compared with the rates obtained by using HCl as conventional catalyst. 40 cm 3 of HCl of known strength was taken in a stoppered bottle and 5 cm 3 of ester was added to it. The extent of reaction taking place was obtained as mentioned above. Reaction was carried out at 30, 40 and 50 0 C using 0.002, 0.01 and 0.05 M HCl. 
Results and Discussion

Characterization of metal complexes
Magnetic studies
The observed µ eff values (Table 1) are suggestive of the tetrahedral/octahedral geometry for the Co(II) complexes and an octahedral geometry for the Ni(II) complex. The magnetic moments of the compounds investigated are in agreement with the conclusions based on spectral findings.
Infrared spectra
The FT-IR spectra of the metal complexes were recorded as KBr discs over the range 4000-400 cm -1 . On the basis of reported infra-red spectra of ligands and their metal complexes some of the important bands have been assigned 8, [11] [12] [13] . A broad band observed in the region between 3362-3315 cm -1 due to asymmetric (asym) and symmetric (sym) O-H stretching modes and a strong band around 1575-1573 cm -1 due to H-O-H bending vibrations are indicative of the presence of lattice water 14 .
The merging and broadening of bands was found to be a common feature of transition metal-saccharide complexes. The spectra of all the complexes with saccharides showed broad bands in the O-H and C-H regions, indicating a merging of individual bands. The spectral characteristics are similar to those observed with other 1 st row transition metal complexes. The structural vibrations of the intermolecular hydrogen bonded O-H groups of the free saccharides were affected ionization and exhibited a broad but nearly symmetrical band at ~3400 cm -1 . The strongly coupled ring vibrational frequencies for bending modes COH, CH 2 and CCH of the free saccharides (1460-1340 cm -1 ) showed merging at1400 cm -1 upon complex formation. Similarly, the C-O and C-C stretching vibrations in the region 1140-990 cm -1 were also merged at ~1050 cm -1 upon complex formation, in contrast to the sharp bands observed for the free saccharides and other metal-saccharide adducts. The anomeric region (950-500 cm
showed very weak marker bands of mostly α-anomer. It was clear from the spectra that the saccharides were involved in coordination through some deprotonated -OH groups as observed from the broad bands in ν(O-H) region, 3500-3200 cm -1 . On the basis of coordinating abilities of the various saccharides reported, a 3,4-trans-diol arrangement has been proposed for CML complexes with glucose and fructose. The C-O and C-C stretching vibrations in the region 1140-990 cm -1 were also merged at ~1050 cm -1 upon complex formation, in contrast to the sharp bands observed for the free saccharides and other metal-saccharide adducts.
The protonated carboxyl group in tartaric acid has an absorption at 1740 cm -1 , which is typical of C=O stretching vibrations of -COOH. The corresponding coordinated carboxylate in the complex shows absorption at lower frequency i.e. 1636 cm -1 , which leads to the conclusion that the complexation takes place by deprotonation of carboxylic group of tartaric acid moiety. The shifting of stretching and bending frequency ν(C-O) towards lower wave number i.e. 1106 cm -1 in the complex with tartaric acid indicates the coordination of secondary -OH group via oxygen with the metal ion.
An important feature of infrared spectra of the metal complexes is the absence of the band at ~3440 cm -1 due to O-H stretching vibration of the OH group of HQ. This observation leads to the conclusion that the complex formation takes place by deprotonation of the hydroxyl group of HQ moiety. In the spectrum of free HQ ligand the ν(C-O) band is observed at ~1160 cm -1 . It is reported that for the mixed ligand complexes of Co(II), Mn(II), Cu(II), Ni(II) and Vo(II) with HQ, this band is observed at ~1125 cm -1 . The position of this band undergoes variation depending on the metal complex under study. In the present investigation, a strong ν(C-O) band is observed in the range 1107-1103 cm -1 in the spectra of the complexes, indicating the presence of 8-hydroxyquinolate group in the complexes coordinating through its nitrogen and oxygen atoms as uni negative bidentate ligand. The ν(C=N) mode observed at 1580 cm -1 in the spectrum of free HQ ligand is found to be shifted to lower wave number i.e. 1500-1499 cm -1 in the spectra of the CML complexes, suggesting coordination through the tertiary nitrogen donor of HQ. The in-plane and out-of-plane ring deformation modes observed at ~500 and ~780 cm -1 , respectively, in the spectrum of HQ are shifted to higher wave numbers i.e. ~505 and ~787 cm -1 , respectively, confirming coordination through the nitrogen atom of HQ with the metal ion.
Some new bands of weak intensity observed in the regions around 657-595 and 466-415 cm -1 may be ascribed to the M-O and M-N vibrations, respectively 15 . Some of the important IR bands and their tentative assignments are shown in Table 2 3 A 2g (F) → 3 T 1g (P) (ν 3 ), respectively. As the ν 1 band occurs at low energy, usually in the range not accessible due to instrumental limitations, it is not observed in the present cases. Various spectral parameters like Dq, B' and β have been calculated by using the values of ν 2 and ν 3 transitions, according to the equations of König 16 . From the values of Dq and B', the energy of transition ν 1 has been calculated (Table 3) . 
Thermal studies
The thermograms (TG) of the complexes have been recorded in flowing nitrogen atmosphere at the heating rate of 10 o C/min on approximately 10 mg samples. All the complexes investigated show similar behavior in their TG and Differential Thermal Analysis (DTA) studies.
The complexes, in general, show the first mass loss attributed to dehydration, in the temperature range 109 to 129 o C (Table 4 ). The completion of the reaction was found to be around 555 o C. On the basis of the results of the physicochemical studies, the bonding and structure in the metal complexes can be represented as shown in Figure 1 . 
Hydrolysis of esters
Hydrolysis of methyl acetate and ethyl acetate was studied by using complexes as homogeneous catalysts. Keeping the quantity of ester and the temperature constant, when the quantity of catalyst was varied in the range 0.01-0.04 g, the value of k increased with increase in the quantity of the catalyst (Table 5) . The plot of rate constant versus the amount of catalyst (Figure 2 ) is linear showing that the rate constant is directly proportional to the amount of catalyst used in the reaction. A similar correlation has been established in the case of aliphatic esters by Walvekar et al. 18 . Hammett et al. 19 have shown that the hydrolysis of ethyl acetate in presence of HCl is first order in [ester] . In the present study, it is found that with the present Co(II) complexes also the hydrolysis is first order in [ester] as shown by the linear plot of log (a-x) against t. The rate constants for the hydrolysis of methyl acetate and ethyl acetate obtained by using different catalysts at various temperatures are given in Table 6 and 7 respectively. Keeping the quantity of the catalyst and ester constant, when the temperature was varied in the range 30-50 0 C, the value of k increased with increase in temperature. As a catalyst, however, HCl is more efficient as compared to the mixed ligand complexes. It has been found that the rate of hydrolysis of methyl acetate is higher than that of ethyl acetate for all the catalysts, indicating that steric hindrance affects the rate of the reaction. The rate is reduced by the bulkier ethyl group near the reaction site 20 , in addition to which there would be contribution due to normal inductive and resonance effects of the substituent.
It is observed that ∆H ≠ values are closer to E values in accordance with absolute reaction rate theory for solution. The value of ∆G ≠ has been found to be higher in all the cases and not much difference has been found in two systems. The values of ∆S ≠ were found to be negative in all the cases indicating that molecules in transition state are more ordered than the reactants in ground state.
In the hydrolysis of esters, the activated complexes are probably quite polar, owing to the ionization of the carbonyl group. Owing to the electrostriction of the solvent by the activated complexes in such reactions, the entropies of activation are low. According to Eq. (6), a plot of rate of the reaction against [M(II)LL'] should be linear. This is found to be so, as seen from the plot in Figure 2 , indicating the validity of the rate law (6) and hence of the proposed mechanism.
